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Nitrate capture and slow release in biochar amended compost and soil
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Introduction

It was previously reported that dissolved organic carbon (DOC) and iron can interfere with
colorimetric quantification of nitrate (1). This is relevant in environmental samples such as aqueous
extracts obtained from soil or compost, but was also shown to have an overall limited effect (2). To
assess the potential impact of DOC and native iron concentrations of compost on colorimetric nitrate
quantification on a continuous flow analysis (SEAL Analytical, Germany), we used aqueous compost
extracts with 5, 25 and 100 mg L™ DOC and spiked them with different concentrations of nitrite, nitrate

and ammonium.

Results and Discussion

We found that nitrite was quantified accurately throughout all experimental conditions (Tab. S1-

S3).

We found that nitrate was quantified accurately in the presence of 5 and 25 mg L** DOC. Nitrate
quantification in the presence of 100 mg L* DOC could not be evaluated due to the high background
concentration of nitrate in the compost extract. As extracts obtained from compost need to be diluted for
measurements, 100 mg L DOC was not a relevant concentration for obtaining the data presented in the
manuscript. We found that nitrate was quantified accurately in the presence of both 5-25 mg L't DOC and
1 mg L't NO2-N. However, the presence of 5 mg L™ NO2-N resulted in an overestimation of nitrate of up
to 13%. However, extracts of mature compost barely contain measurable amounts of nitrite, i.e. this effect

is not relevant to this study.

Ammonium was quantified accurately in the presence of 5 mg L™ DOC, but underestimated by

up to ~10% in the presence of 25-100 mg L* DOC.
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Collectively, there is no evidence that the conclusions of this study that are based on the
colorimetric quantification of nitrate, nitrite and ammonium are related to, or biased by, experimental
artefacts. Nitrate and nitrite were quantified accurately under relevant conditions. Concentrations of
ammonium might have been underestimated, however, this would not affect the overall results and

conclusions.
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NOy NO» NH4* values obtained from Seal Software NOy NO5 NH4 A NOy A NOy A NOs A NOy A NH,* a NHg
added added added NO;+NO; NOy NHS NO; (calc) expected expected expected 4 [% of 4 [% of 4 [% of
(mg L] g L] Mgl  [mgNLY] mgNL")jmgNL)jmgnL"] [mgL") [mgL" [mgl] MILT expected)  [MILT expecteq)  [MIL] expecteq)
0991 0008 0.108 0.99 0.01 1.01 0.11 000 002, 000
0.992  0.008 0.105 0.99 0.01 1.01 0.11 0.00 -0.02 0.00
£ 0.50 0.50 1485 0495  0.586 1 0.51 1.01 0.61 001 001 oo 002 .
S 0.50 0.50 1495 0497 0581 1 0.51 1.01 0.61 -0.01 -0.01 0.03
E 1.00 1.00 2008 0995 1056 1.02 1.01 1.01 1.11 001 001 005
G 1.00 1.00 2.003  1.003  1.061 1.01 1.01 1.01 1.11 0.01 0.00 0.05
E 2.00 2.00 2977 1986  2.012 1 2.01 1.01 2.1 002 001 oo 010 .
z 2.00 2.00 3.001 2004 2031 1 2.01 1.01 2.11 -0.01 -0.01 0.08
5.00 5.00 6112 5058 5079 1.06 5.01 1.01 5.11 005 ., 005 003
5.00 5.00 6.142 5047 5078 1.1 5.01 1.01 5.11 0.04 0.095 0.03
105 0008  0.11 1.05 0.01 1.01 0.11 000 ., 004 000
0998 0013  0.111 0.99 0.01 1.01 0.11 0.00 -0.02 0.00
0.50 1462 0011  0.106 1.46 0.01 151 0.11 000 0 005 000
. 0.50 1472 001  0.105 1.48 0.01 1.51 0.11 0.00 -0.03 0.00
® 1.00 1969 0009 0.104 1.98 001 201 0.11 000 002, 000
Z 1.00 1983 001 0103 1.99 001 201 0.11 0.00 -0.01 -0.01
2.00 2.948  0.008  0.101 2.97 0.01  3.01 0.11 000 g 003 001
2.00 2923 0.009 0.103 2.95 0.01  3.01 0.11 0.00 -0.05 -0.01
5.00 6018 0009 0102 6.08 001 601 0.11 000 0075 001 o
5.00 6073 0008 0.132 6.14 001 601 0.11 0.00 0.135 0.02
@ 1.00 1.00 2.008 1 1.065 1.02 1.01 1.01 1.11 001 oo 0.01 1% 004 4%
t s 5.00 6184 5064 5104 1.13 5.01 1.01 5.11 0.05 0.13 12% 000 0%
z 100 050 1.00 2525 1003 1.068 154 1.01 151 1.11 001 oo 0.03 2% 004 4%
o BEEE o050 500 6752 5079 5104 17 5.01 151 5.11 0.07 0.20 13% 0.00 0%
g 1.00  1.00 1.00 304 1.004  1.07 2.06 101 201 1.11 001 oo 0.06 3% 004 3%
s B8 100 500 7248 507 511 2.21 501 201 5.11 0.06 0.21 10% 000 0%
T 100 200 100 4003 1007 1.074 3.04 101 301 1.11 000 ., 0.04 1% 003 -3%
¢ BEEE 200 500 8.315 5085 5124 3.28 501 3.01 5.11 0.08 0.28 9% 002 0%
£ 1.00 500  1.00 7423 1.002  1.067 6.22 101 6.01 1.11 001 oo 0.22 4% 004 4%
% B8 500 500 11287 5089 5116 63 501 601 5.11 0.08 0.30 5% 001 0%

Tab. S1: Nitrate, nitrate and ammonium spike experiment with 5 mg L™ DOC. Addition of 5 mg NO,-N is highlighted in blue. Expected concentrations are
calculated as the sum of N added and the background concentrations measured when O N was added. Differences (A) in N concentrations expressed in [%] of the
expected concentration are highlighted in yellow, if the differences are ~10% or higher and the measured values are within the range of calibration (0.25-7.5mgN L

b,



52

53
54
55
56

MOy NOs MH4* values obtained from Seal Software MOy NO; NH4 ANOy A NOy A NOs A NOy A NH A NHg
added added added NO;+NO; NOs NH,* NO; (calc) expected expected expected 4 [% of 4 [% of 4 [% of
[mgL" [mgL" [mgL" [mgNL" [mgNL" [mgNL"] [mgNL" [mgL" [mgL" [mgl] MILT expected]  [MILT expected)  [MILT expecteq)

516 0007 0293 524 0.01 526 016 000 002 014 oo
5177 0014 0111 5.25 0.01 526  0.16 0.00 -0.01 -0.05
= 0.50 0.50 5646 0499 0584 523 0.51 526 066 001 003 o 007 o
S 050 050 5732 0501 0588 532 0.51 526 066 -0.01 0.06 0.07
E 1.00 1.00 6191 1004  1.069 528 1.01 526 116 001, 002 008 o
- 1.00 1.00 6189 0998 1.06 528 1.01 526 116 -0.01 0.02 0.10
g 2.00 2.00 7221 1982 2014 533 2.01 526 216 003, 007 014 o
=z 2.00 2.00 7257 1977 2014 5.38 2.01 526 216 -0.03 0.12 -0.14
5.00 5.00 10751 5.101 513 576 5.01 526 516 009 05 o0 003
5.00 5.00 10747 5095 5125 576 5.01 526 516 0.08 05 0.03
5191 0007 0112 529 0.01 526 016 000 003 . 004 oo
517 0013 0111 5.26 0.01 526  0.16 0.00 0 -0.05
0.50 5.688 001 0108 579 0.01 576  0.16 000 003 005 .
. 0.50 5733 0009 0108 5.84 0.01 576 016 0.00 0.08 0.05
& 1.00 6172 0008 0107 6.29 001 626 016 000 003 . 005 .0
£ 1.00 6201 0008 0109 6.33 001 626 016 0.00 0.07 -0.05
2.00 7234 0008  0.091 7.39 0.01 726 016 000 o 013 007 e
2.00 7281 0009 0079 7.44 0.01 726 016 0.00 0.18 -0.08
5.00 1064 0008 0067 1088 001 1026 016 000 o 062 009 o
5.00 10576 0008 0055 1082 001 1026 016 0.00 0.56 0.10
@ 100 000 1.00 6315 0997 1004 5.45 1.01 526 116 001 0.19 4% 015, -13%
c BB o000 500 10761 5109 5089 579 5.01 526 516 0.10 053 10% -0.07 1%
z 050 050 050 6274 0493 0515 5.92 0.51 576 066 002, 0.16 3% 014 -22%
2 100 050  1.00 6788 1008 0985 592 1.01 576 116 0.00 0.16 3% 017, -15%
g PEGE o050 500 11.077 5139 5098 6.09 5.01 576  5.16 013 0.33 6% -0.06 1%
H 050 100 050 6.846 0499 0491 6.51 051 626 066 -0.01 0.25 4% 017, -25%
= 100 200 1.00 8537 1006 0957 7.73 1.01 726 116 000 0.47 6% 020 -17%
¢ IBBE 200 500 11163 5151 5033 6.17 5.01 726 516 0.14 -1.09 -15% 0.12 2%
5 100 100 1.00 7.403 107 0937 6.5 101 626 116 006 0.24 4% 022 -19%
= 500 100 500 11171 5138 5028 6.2 501 626 516 0.13 0.06 1% 013 2%

Tab. S2 Nitrate, nitrate and ammonium spike experiment with 25 mg L* DOC. Addition of 5 mg NO>-N is highlighted in blue. Expected concentrations are

calculated as the sum of N added and the background concentrations measured when O N was added. Differences (A) in N concentrations expressed in [%] of the
expected concentration are highlighted in yellow, if the differences are ~10% or higher and the measured values are within the range of calibration (0.25-7.5mg N L"

b,
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values obtained from Seal Software NOy NH4 A NOs A NH,*
NO, added NQO; added NH," added A NOy 2 A NH 4
2 aL_f 3 aL_f’ 4 aL_,"' NOs+NO; NO; NH,' NO; (calc) expected  expected g M3 oy of 4 Mgy of
Mgl Imgl7]  Imgl7] [mgNL' [mgNL" [mgNL" [mgNL?] mgL’']  [mglL] ] expected] ] expected]
0.00 0.00 11.649 0.01 -0.06 11.96 0.01 -0.07 0.00 0% 0.01 0%
0.00 0.00 11.635 0.016 -0.07 11.54 0.01 -0.07 0.00 -0.01
.E 0.50 0.50 11.649 0.491 0.387 11.47 0.51 0.44 -0.02 2% -0.05 12%
E 0.50 0.30 11.639 0.453 0.378 11.46 0.51 0.44 -0.02 -0.06
-:Et 1.00 1.00 11.547 0.989 0.843 10.86 1.01 0.94 -0.02 2% -0.09 10%
o 1.00 1.00 11.559 0.987 0.831 10.88 1.01 0.94 -0.03 -0.10
=
E 2.00 2.00 11.554 1.983 2.129 9.85 2.01 1.54 -0.03 9% 0.19 10%
= 2.00 2.00 11.653 1.982 2.135 9.96 2.01 1.54 -0.03 0.20
5.00 5.00 11.796 5.077 5.168 6.92 5.01 4,94 0.06 1% 0.23 59
5.00 5.00 11.82 5.081 5.217 6.95 5.01 4.94 0.07 0.28

58

59  Tab. S3 Nitrate, nitrate and ammonium spike experiment with 100 mg L* DOC. Differences (A) in N concentrations expressed in [%)] of the expected concentration
50 are highlighted in yellow, if the differences are ~10% or higher and the measured values are within the range of calibration (0.25 - 7.5 mg N L?)
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Experimental

A compost extract was obtained by shaking non-biochar amended compost (Con) 1:10 in de-

ionized water for 72 h. The extract was filtered to 1 um to avoid clogging of the continuous flow analysis.

We used a 50 mg N L? standard solutions for nitrite, nitrate and ammonium to spike the extracts to
increase concentrations in the final sample by 0.5-5 mg N L. Final samples had a volume of 1 mL,

contained 5, 25 or 100 mg L™ DOC and contained 2 M KCI. The experiment was conducted in duplicate.

Nitrate, nitrite and ammonium were quantified by continuous flow analysis (SEAL Analytical,

Germany) as described in the main paper.
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